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The presence of natural radioactivity and radon exhalation from building materials
contribute to the radiation dose received by human. So, it is essential to evaluate the ac-
tivity levels of the primordial radionuclides (238U, 226Ra, 232Th and 40K) present in the
building materials for the assessment of natural radiation dose. Cement is one of the major
component of the building materials and is used on a large scale. In the present study, the
commercially available cement samples of fifteen different brands were used to study the
radon exhalation rate and activity concentration of 238U, 226Ra, 232Th and 40K nuclides. The
radon exhalation rate was measured using the can technique, while the concentration of
radionuclides content was determined by using gamma ray spectroscopy. The radon
exhalation rate from different brands of cements was found in the range from 1.56 to
13.1 mBqkg1h1 with a mean value of 5.27 mBqkg1h1. The specific activity of uranium
was found in the range 45.3e218.9 Bqkg1 with a mean value of 111.2 Bqkg1; 226Ra from
20.3 to 60.1 Bqkg1 with a mean value of 35.8 Bqkg1; 232Th from 18.8 to 60.1 Bqkg1 with a
mean value of 33.2 Bqkg1 and 40K varied from 160.9 to 248.1 Bqkg1 with a mean value of
199.1 Bqkg1. The radiological parameters e radium equivalent activity, absorbed dose
rate, annual effective dose, external hazard index, internal hazard index, gamma activity
index and alpha index were also evaluated to assess the potential radiological hazard
associated with these cement samples. Correlation coefficients for the different radionu-
clides have been evaluated and studied.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Most building materials of natural origin contain small
amounts of naturally occurring radioactivity materials65.
. Sharma).
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecom(NORM), mainly radio nuclides from the 238U and 232 Th decay
chains and 40K. The radionuclides in the series headed by 235U
are relatively less important from a dosimeteric point of view
(UNSCEAR, 1992). The origin of these materials is the Earth's
crust, but they find their way into building materials, air,ion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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average indoor effective dose due to gamma rays from build-
ing materials is estimated to be about 0.4 mSv per year
(UNSCEAR, 2000). In many parts of the world, building mate-
rials containing radioactive nuclides have been used for gen-
erations. As individuals spend more than 80% of their time
indoors, the internal and external radiation exposure from
building materials creates prolonged exposure situations
(ICRP, 1999). The external radiation exposure is caused by the
gamma emitting radionuclides, which in the uranium series
mainly belongs to the decay chain segment starting with
226Ra. The internal (inhalation) radiation exposure is due to
222Rn, and marginally to 220Rn, and their short lived decay
products, exhaled from buildingmaterials into the room air. A
study carried out by Papastefanou, Stoulos, and
Manolopoulou (2005) in Greece on building materials has
shown that out of the investigated building materials, granite
and phosphogypsum are the highly radioactive materials for
which the absorbed dose rate in indoor air becomes upto five
times higher than the dose criterion. However, a study carried
out by Lu, Li, Yang, and Zhao (2013) on building materials
collected from Yan'an, China has shown that the investigated
building materials may be used safely as construction mate-
rials. All this depends upon the level of radioactivity in the
soil, rock and industrial by-products from where these build-
ingmaterials are derived. So, knowledge of the level of natural
radioactivity in building materials is then important to assess
the possible radiological hazards to human health and to
develop standards and guidelines for the use and manage-
ment of these materials.
Portland cement (chemically known as calcium alumino-
silicate) is an important construction material for houses and
other buildings. It is used for making blocks and concrete, and
for plastering the buildings made of bricks. The essential raw
materials of the Portland cement are: Limestone (CaCO3),
latrite (Fe2O3), slate (Al2O3SiO2) and gypsum (CaSO4∙2H2O)
(Shreve, 1972). The cement industry is considered one of the
basic industries which play an important role in the national
economy of developing countries (El-Bahi, 2004). It is one of
the lowest-cost materials widely used in construction. White
cement is made from specially selected rawmaterials, usually
pure chalk and white clay (Kaolin) containing very small
quantities of iron oxides and manganese oxides. The specific
levels of gamma radiation in cement depend upon the content
of radium, thorium and potassium in the raw products, used
in the manufacture of cement.
Recent studies of people exposed to radon have confirmed
that radon in homes represents a serious health hazard (WHO,
2009). Out of the average annual dose of 2.4 mSv from natural
sources, 1.2 mSv is through inhalation, mainly from radon
(UNSCEAR, 2000). The main health risk associated with long
term, elevated exposure to radon is an increased risk of
developing lung cancer, which depends on the radon con-
centration and the length of exposure. It is estimated that
radon causes between 3% and 14% of all lung cancers,
depending on the average radon level in a country. An
increased rate of lung cancer was first seen in uraniummines
exposed to high concentrations of radon. In addition, studies
in Europe, North America and China have confirmed that even
low concentrations of radon such as those found in homesalso confer health risks and constitute significantly to the
occurrence of lung cancers worldwide (WHO, 2014). Radon gas
enters the indoors from different sources, such as soil or rock
under or surrounding the buildings, building materials, water
supplies, natural gas and outdoor air. As in soil and rock,
radon gas (222Rn) is formed inside building materials by decay
of the parent nuclide 226Ra. However it is not possible to
determine the radon exhalation rate simply from the activity
concentration of 226Ra (Jing, Navreen, & Ibrahim, 2010). The
radon exhalation rate may vary from one building material to
the other having the same 226Ra activity levels.
The objective of the present work was to measure the
natural activity concentration due to radionuclide contents
and radon exhalation rates in different brands of cement used
in India and to assess the associated potential radiological
hazards by the use of these cements. Out of the 15 samples
studied, 10 samples belong to different manufacturing com-
panies of India and 5 are the imported ones. Earlier Kumar,
Ramachandran, and Prasad (1999) and Ramola, Manjulata,
and Gusain (2014) have carried out study on different build-
ing materials and soil in India.2. Materials and methods
2.1. Measurement of radioactivity by gamma ray
spectrometry
Cement samples of various brands were collected from the
suppliers and processed as per the procedure described in
IAEA TRS-295 (IAEA, 1989). The processed samples were filled
in the cylindrical plastic containers of dimensions 7 cm
(diameter)  6.5 cm (height), sealed completely to make them
air tight and kept for about one month so as to ensure secular
equilibrium between radium and radon progenies of both
uranium and thorium series.
The samples were analysed by using high resolution
gamma spectrometry system. It consists of coaxial High Purity
Germanium (HPGe) detector having 50% relative efficiency
with respect to 7.62 cm 7.62 cmNaI (Tl), its energy resolution
measured in terms of full width at half maximum (FWHM) is
2.1 keV at 1332.5 keV of 60Co gamma energy at 25 cm from the
top of the detector. The gamma spectra were analyed using an
8 K MCA (PHAST, Peak Shape Analysis Software developed by
Electronics Division, Bhaba Atomic Research Centre, India)
along with other electronic accessories coupled with the HPGe
detector. The detector is shielded with 7.5 cm lead to reduce
the background contribution of the surrounding. The certified
referencematerials IAEA RGU-I and RGTh-I have been used for
the energy and efficiency calibration of the system in the en-
ergy range of 46.53e2614.53 keV. The spectra were acquired
for 100000 s and the photo peaks were evaluated by using the
MCA emulation software. The minimum detectable activity
(MDA) of the system has been estimated with 95% confidence
level (Currie, 1968). The combined standard uncertainty was
calculated by considering the error associated with counting,
gamma emission probability and efficiency calibration. 238U
emits very very weak gamma rays; hence, its progeny 234Th
gamma line such as 63.25 keV and 92.59 keV can be used to
assess it. Among the two, the former is free from major
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gamma line and has the interference due to 185.7 keV of 235U,
which cannot be resolved in the gamma spectrum; hence it is
not suitable to use this line for the analysis. 214Bi, the progeny
nuclide of radium emits 609 keV, 934 keV, 1120 keV, 1729 keV,
1764 keV, 2204 keV and 2448 keV. Another daughter product of
radium, 214Pb emits 295 keV and 351 keV gamma lines. Among
these, 1764 keV (15.4%) gamma line has been used for the
analysis, because of the fact that the self-attenuation effect at
high energy is comparatively very less. Thorium cannot be
quantified directly by gamma spectrometry because there are
no measurable gamma lines. Hence the 232Th activity has
been estimated through its progeny 208Tl using 2614.53 keV
(35.63%) and 583.2 keV (30.3%) gamma lines. 40Kwas estimated
using the gamma line 1460.83 KeV (10.7%).
2.2. Measurement of radon exhalation rates
In the present study we have used the Can Technique (Abu-
Jarad, Fremlin, & Bull, 1980). In this technique the building
material to be studied is kept closed inside a container, in
which a Solid State Nuclear Track Detector is placed. Radon
gas escaping from the building material accumulates in the
container. During its decay it emits alpha-particles. The
daughters of radon are also alpha emitters. These alpha par-
ticles produce tracks in the Solid State Nuclear Track Detector
which are then enlarged by chemical treatment. These
enlarged tracks are then counted by optical microscope. The
track density so obtained is proportional to the exposure time
and the concentration of radon gas inside the container,
which in turn is proportional to the radon exhalation rate of
the building material.
The apparatus used for the exhalation study of cements
consists of an air tight glass chamber. Cement samples to be
studied were firstly dried in an oven at 110 C to make it
moisture free and then poured in the chamber. 500 g of each
sample was taken for study. The volume of all the samples in
the chambers was less than 10% of the chamber volume
ensuring negligible radon back ediffusion (Samuelsson, 1987).
Solid State Nuclear Track Detector (here LR-115 type-II man-
ufactured by Kodak Pathe, France) was fixed inside at the
centre of the upper lid, the detector facing downwards. LR-115
type-II consists of a thick red dye (cellulose nitrate) of 10 mm
thick on polyester base of 100 mm thick. The system was kept
closed for a period of 3 months. After the removal of the de-
tectors, etchingwas carried out in 2.5 NNaOH solution at 60 C
for 2 h. The detectors were then washed under running tap
water for 15e20 min, dried in the open air and were fixed on
glass slides. Opticalmicroscopewas used to count the number
of tracks produced by alpha particles emitted by radon and its
daughter products. Tracks were counted at a magnification of
600. Exhalation rate (Ex) was calculated using the following
equation (Abu-Jarad et al., 1980):
Ex ¼ CVl=MTþ 1=lðelt  1Þ

Bqkg1h1

(1)
Where C ¼ Integrated radon exposure (Bqm3h)
V ¼ Effective volume of can (m3)l ¼ Decay constant for radon (h1)
M ¼ Mass of the sample (kg)
T ¼ Time of exposure (h)
2.3. Measurement of emanation fraction
The emanation fraction f, i.e the fraction of radon that reaches
the external atmosphere by means of the diffusion process,
was determined through the following equation (Righi &
Bruzzi, 2006):
f ¼ Ex=CRalRn (2)
where Ex is the radon exhalation rate (Bqkg
1h1), CRa is the
radium activity concentration (Bqkg1) and lRn is the decay
constant of 222Rn (h1).3. Results and discussion
3.1. Natural activity concentration
The specific activities of the primordial radionuclides in the
cement samples of different brands have been calculated and
shown in Fig. 1. The samples from CMT-1 to CMT-10 belongs
to the Indian origin while samples CMT-11 to CMT-15 are the
imported ones. The variation in the activity of 238U was found
in the range from 45.3 Bqkg1 to 218.9 Bqkg1 with a mean
value of 111.2 Bqkg1; 226Ra from 20.3 Bqkg1 to 60.1 Bqkg1
with a mean value of 35.8 Bqkg1; 232Th from 18.8 Bqkg1 to
60.1 Bqkg1 with a mean value of 33.2 Bqkg1 and 40K varied
from 160.9 to 248.1 Bqkg1 with a mean value of 199.1 Bqkg1.
The figure shows that there is a much variation in the con-
centration of radionuclides in the samples of different brands
of cement. These variations in the activities are due to the
varying amounts of uranium, radium, thorium and potassium
content under the earth's crust from where the raw material
for a particular brand of cement was obtained. Also, it de-
pends upon the percentage of these raw materials used by
various manufactures in manufacturing the cements. It was
also found out that there is radioactive disequilibrium be-
tween 238U and 226Ra, which may be attributed to the parti-
tioning of radionuclides during the production process of
cement. Figs. 2e7 shows the correlations among different ra-
dionuclides. A strong correlation was found between uranium
and radium, a good positive correlation for uranium v/s
thorium and thorium v/s potassium. But a weak correlation
exists between radium v/s thorium and uranium v/s potas-
sium and no-correlation was observed between radium and
potassium.
3.2. Assessment of radiological hazards
The knowledge of the specific activity of the different
building materials used in the construction of a building is
important for the assessment of the possible radiological
hazards to human health. In order to assess the radiological
hazards from the building materials, various parameters
such as radium equivalent activity, absorbed dose rate,
external and internal hazard index, gamma activity index
and alpha index based upon the specific activities have been
Fig. 1 e The activity concentration of 238U, 226Ra, 232Th and 40K in cement samples collected from different companies.
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study.
3.2.1. Radium equivalent activity
The distribution of 226Ra, 232Th and 40K in the building mate-
rials is not uniform. Therefore, the radium equivalent activity
is used to compare the activity concentrations of building
materials containing different amounts of these radionu-
clides. The value of radium equivalent activity (Raeq) isFig. 2 e Correlation between 238U and 226Ra activity
concentrations in the cement samples.calculated using the following relation (Beretka & Mathew,
1985):
Raeq ¼ CRa þ 1:43CTh þ 0:077CK (3)
where CRa, CTh and CK are the specific activities of
226Ra, 232Th
and 40K in Bqkg1 respectively. Radium equivalent activity is
theweighted sumof the activities of 226Ra, 232Th and 40K based
on the assumption that 10 Bqkg1of 226Ra, 7 Bqkg1of 232Th
and 130 Bqkg1of 40K produce an equal gamma ray dose
(Krisiuk et al., 1971; OECD, 1979; Stranden, 1976; UNSCEAR,
1982). The maximum permissible value of Raeq in anyFig. 3 e Correlation between 238U and 232Th activity
concentrations in the cement samples.
Fig. 4 e Correlation between 232Th and 40K activity
concentrations in the cement samples.
Fig. 6 e Correlation between 238U and 40K activity
concentrations in the cement samples.
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radiation dose rate of 1.5 mGyy1 (Krisiuk et al., 1971; Krieger,
1981). The Raeq values calculated for the cement samples are
shown in Table 1. The values ranged from 64.1 Bqkg1 (for
CMT-15) to 151.2 Bqkg1 (for CMT-2) with a mean value of
98.7 Bqkg1. All of the Raeq values are lower than the criterion
limit of 370 Bqkg1. Hence the external annual dose rate due to
the cement samples does not exceed 1.5 mGyy1, and there-
fore poses no significant radiation hazard when used for the
construction of dwellings.
3.2.2. Absorbed dose rate
The external terrestrial absorbed dose rates due to terrestrial
gamma rays at 1 m above the earth's surface were calculated
from the concentrations of 226Ra, 232Th and 40K using the
conversion factors of 0.462, 0.604, and 0.0417 respectively, as
given by UNSCEAR (2000):
DR ¼ 0:462 CRa þ 0:604 CTh þ 0:0417 CK  80nGyh1 (4)
The absorbed dose rates were found in the range from 29.7
nGyh1 (for CMT-15) to 67.9 nGyh1 (for CMT-2) with a meanFig. 5 e Correlation between 226Ra and 232Th activity
concentrations in the cement samples.value of 44.9 nGyh1 as shown in Table 1, which is less than 80
nGyh1 as given in relation (4).
3.2.3. Annual effective dose
To estimate the annual effective dose, one has to take into
account the conversion factor from absorbed dose in air to
effective dose and the indoor occupancy factor. In the
UNSCEAR (2000) report, a value of 0.7 SvGy1 was used as a
conversion factor from absorbed dose in air to effective dose
received by adults, and 0.8 for the indoor occupancy factor,
implying that 80% of time is spent indoors, on average, around
the world. The annual effective dose in units of mSv was
estimated using the following formula:
HR ðmSvÞ ¼ DR ðnGyh1Þ  8766h 0:8 ðoccupancy factorÞ
 0:7SvGy1ðConversion factorÞ  106
(5)Fig. 7 e Correlation between 226Ra and 40K activity
concentrations in the cement samples.
Table 1 e Radium equivalent activity, absorbed dose rate
and annual effective dose for cement samples of different
brands.
Cement
sample
code
Radium
equivalent
activity (Raeq)
Absorbed dose
rate (DR)
Annual
effective
dose (HR)
CMT-1 124.9 ± 3.3 56.5 ± 1.5 0.277 ± 0.007
CMT-2 151.2 ± 3.7 67.9 ± 1.7 0.333 ± 0.008
CMT-3 138.1 ± 3.4 62.6 ± 1.5 0.307 ± 0.007
CMT-4 88.9 ± 2.7 40.4 ± 1.2 0.198 ± 0.005
CMT-5 89.6 ± 2.8 40.6 ± 1.3 0.199 ± 0.006
CMT-6 101.8 ± 2.8 46.3 ± 1.3 0.227 ± 0.006
CMT-7 104.5 ± 2.9 47.3 ± 1.3 0.232 ± 0.006
CMT-8 150.2 ± 3.2 67.6 ± 1.4 0.332 ± 0.007
CMT-9 (white) 66.1 ± 2.9 30.5 ± 1.3 0.149 ± 0.006
CMT-10 (white) 66.7 ± 2.7 30.7 ± 1.2 0.151 ± 0.005
CMT-11 81.2 ± 2.8 37.3 ± 1.3 0.183 ± 0.006
CMT-12 80.5 ± 2.7 36.9 ± 1.2 0.181 ± 0.005
CMT-13 97.2 ± 2.8 44.8 ± 1.2 0.219 ± 0.006
CMT-14 74.1 ± 2.7 34.5 ± 1.2 0.169 ± 0.005
CMT-15 64.1 ± 2.7 29.7 ± 1.2 0.145 ± 0.005
Table 2 e Activity index recommended by the European
Commission (EC, 1999).
Dose criterion 0.3 mSvy1 1 mSvy1
Material used in bulk quantities
e.g., Concrete
Ig  0.5 Ig  1
Superficial and other materials with
restricted use e.g., tiles, Boards etc
Ig  2 Ig  6
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15) to 0.333 mSv (for CMT-2) with a mean value of 0.22 mSv as
shown in Table 1, which is quite less than 1.0 mSv as pre-
scribed by UNSCEAR (2000), themaximum tolerable dose from
building materials.
3.2.4. External hazard index
According to ICRP (1977), the upper limit of radiation dose
arising from building materials is 1.5 mGyy1. For limiting the
radiation dose to this value, Krieger (1981) proposed the
following conservative model based on infinitely thick walls
without windows and doors to serve as a criterion for the
calculation of external hazard index, Hex. This is defined as
(Beretka & Mathew, 1985; OECD, 1979):
Hex ¼ CRa=370þ CTh=259þ CK=4180<1 (6)
This index is used to estimate the level of gamma-radiation
hazard associated with the natural radionuclides in specific
building materials. The calculated values of Hex for cement
samples ranged from 0.173 to 0.408, with the mean value of
0.266 as shown in Table 3.
3.2.5. Internal hazard index (Hin)
Internal hazard index tells about the internal exposure to
carcinogenic radon and its short lived progeny as:
Hin ¼ CRa=185þ CTh=259þ CK=4180<1 (7)
The value of both external and internal indices must be
less than unity for the radiation hazard to be acceptable. The
internal hazard index varied from 0.233 to 0.544 with a mean
value of 0.363 as shown in Table 3. This index is less than unity
as required by the above mentioned index formulae, there-
fore, these cements are regarded as safe for the construction
purposes.
3.2.6. Gamma activity index
According to RP 112 (EC, 1999), controls on the radioactivity of
building materials can be based on the dose criterion forcontrols and exemption level. Effective dose exceeding the
dose criterion of 1 mSvy1 should be taken into account in
terms of radiation protection. It is therefore recommended
that controls should be based on the dose range of 0.3 e
1 mSvy1, which is the excess gamma dose to that received
outdoors. The activity concentration index, also known as the
gamma activity index, is derived to identify whether a dose
criterion is met (EC, 1999):
Ig ¼ CRa=300þ CTh=200þ CK=3000 (8)
The activity concentration index also takes into account
typical ways and amounts in which the material is used in a
building. The limit value that activity concentration index
should not exceed depends on the dose criterion as given in
Table 2. This dose has been calculated by excluding the
background dose which is shielded by the building material
when used in bulk but does not exclude when building ma-
terial is used as a superficial material, because the thin layers
of superficial material do not reduce significantly the back-
ground dose.
Ig  1 corresponds to an annual effective dose less than or
equal to 1 mSv, while Ig  0.5 corresponds to an annual
effective dose less than or equal to 0.3 mSv when the material
is used in bulk quantity. Similarly Ig  6 corrosponds to an
annual effective dose of 1.0 mSv and Ig  2 corresponds to an
annual effective dose less than or equal to 0.3 mSv when the
building material is used in a superficial way.
The gamma activity index, Ig, has been calculated using
equation (8) and the results are presented in Table 3. In India,
cement is used in bulk for construction; it is used for making
building blocks, concrete, flooring, plastering walls, etc. It is
observed fromTable 3 that the results obtained for the cement
samples varied from 0.233 to 0.537, with a mean value of 0.352
and are below the criterion of 0.5 except for CMT-2 and CMT-8
corresponding to an annual effective dose of 0.3 mSv which is
the exemption level. According to EC (1999), buildingmaterials
should be exempted from all restrictions concerning their
radioactivity if the excess gamma radiation originating from
them increases the annual effective dose of a member of the
public by 0.3 mSv at the most. However, the values of Ig for
CMT-2 (0.537) and CMT-8 (0.532) are below the criterion of
unity corresponding to an annual effective dose of 1 mSv that
corresponds to the protection level.
3.2.7. Alpha index
Alpha index is another important index dealing with the
assessment of the excess alpha radiation due to radon inha-
lation originating from buildingmaterials. The index is defined
as (Righi & Bruzzi, 2006; Xinwei, Lingqing, Xiaodan, Leipeng, &
Gelian, 2006):
Ia ¼ CRa=200 (9)
Table 3 e External hazard index, internal hazard index, gamma activity index and alpha index for cement samples of
different brands.
Cement sample
code
External hazard
index (Hex)
Internal hazard
index (Hin)
Gamma activity
index (Ig)
Alpha index (Ia)
CMT-1 0.337 ± 0.008 0.457 ± 0.012 0.443 ± 0.011 0.222 ± 0.006
CMT-2 0.408 ± 0.010 0.533 ± 0.014 0.537 ± 0.013 0.231 ± 0.007
CMT-3 0.373 ± 0.009 0.535 ± 0.012 0.486 ± 0.012 0.305 ± 0.007
CMT-4 0.240 ± 0.007 0.314 ± 0.007 0.318 ± 0.009 0.137 ± 0.005
CMT-5 0.242 ± 0.007 0.315 ± 0.010 0.320 ± 0.010 0.136 ± 0.005
CMT-6 0.275 ± 0.007 0.360 ± 0.010 0.365 ± 0.010 0.157 ± 0.005
CMT-7 0.282 ± 0.007 0.366 ± 0.010 0.374 ± 0.010 0.156 ± 0.005
CMT-8 0.405 ± 0.008 0.544 ± 0.012 0.532 ± 0.011 0.255 ± 0.006
CMT-9 (white) 0.178 ± 0.007 0.241 ± 0.010 0.238 ± 0.010 0.116 ± 0.005
CMT-10(white) 0.180 ± 0.007 0.249 ± 0.009 0.240 ± 0.009 0.128 ± 0.005
CMT-11 0.219 ± 0.007 0.323 ± 0.010 0.288 ± 0.009 0.193 ± 0.005
CMT-12 0.217 ± 0.007 0.315 ± 0.009 0.286 ± 0.009 0.182 ± 0.005
CMT-13 0.263 ± 0.007 0.400 ± 0.011 0.344 ± 0.009 0.255 ± 0.005
CMT-14 0.202 ± 0.007 0.257 ± 0.010 0.273 ± 0.009 0.102 ± 0.005
CMT-15 0.173 ± 0.007 0.233 ± 0.009 0.233 ± 0.009 0.113 ± 0.005
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1) in
buildingmaterials.When the radium activity concentration of
a building material exceeds the value of 200 Bqkg1, it is
possible that the radon exhalation from this material could
cause indoor radon concentrations exceeding 200 Bqm3. It is
to be noted that the International Commission on Radiation
Protection has recommended an action level of 200 Bqm3 for
radon in dwellings (ICRP, 1993). On the other hand when the
radium activity concentration is less than 100 Bqkg1, it is
unlikely that the radon exhalation from the building material
would cause indoor concentration greater than 200 Bqm3
(Xinwei et al., 2006). The recommended exemption level and
recommended upper limit of radium activity concentrations
are 100 Bqkg1 and 200 Bqkg1 respectively, in building ma-
terials as suggested by Radiation Protection Authorities (RPA,
2000). Corresponding to recommended upper limit concen-
tration of radium 200 Bqkg1, Ia is equal to 1 (Tufail, Nasim,
Sabiha, & Tehsin, 2007). According to RP 112 (EC, 1999), if Ig
is below the recommended value, the radon concentration
will be less than 200 Bqm3 and Ia will be less than 1. The
alpha index has been calculated using the activity concen-
tration of 226Ra in the samples. It can be observed from the
Fig. 1 that the activity concentration values of 226Ra in all the
samples are less than the recommended exemption level of
100 Bqkg1. The results obtained for the alpha index, which
ranged from 0.102 to 0.305 with a mean value of 0.179 are
shown in Table 3. This indicates that the radon exhalation
from the cement samples would cause indoor concentration
less than 200 Bqm3.
Table 4 shows the comparison of the mean values of
226Ra, 232Th, 40K and Raeq of the present study with those
obtained in other countries for Portland and white cements.
For Portland cement, the concentration of 226Ra is less than
or comparable with that measured in other countries except
for Greece, Bangladesh, Zambia and Hong Kong (Alam et al.,
1999; Hayumbu, Zaman, Luhaba, Munsanje, & Nuleya, 1995;
Stoulos, Manolopoulou & Papastefanou , 2003; Yu, Guan,
Stokes, & Young, 1992); 232Th is higher than or comparable
with that obtained in other countries except Saudi Arabia,
Bangladesh and Brazil (Alam et al., 1999; EL-Taher, 2012;Mantazual, Alam, & Ahmed, 1998; Malanca, Pessina, &
Dallara, 1993); 40K is less than or comparable with that
observed in other countries except those measured in Saudi
Arabia, Nigeria, China, Ireland, Zambia and Hong Kong
(Ademola, 2008; EL-Taher, 2012; Hayumbu et al., 1995; Lee,
Menezes, & Finch, 2004; Xinwei, 2005; Yu et al., 1992). Raeq is
higher than or comparable with that observed in other
countries except those measured in China, Algeria, Brazil,
Bangladesh and Malaysia (Alam et al., 1999; Amrani &
Tahtat, 2001; Malanca et al., 1993; Mantazual et al., 1998;
Ibrahim, 1999; Xinwei, 2005; ). For white cement, the con-
centration of 226Ra, 232Th, 40K and Raeq activities are higher
than that obtained in other countries except that the con-
centration of 226Ra is less than that observed in Turkey &
Pakistan (Mujahid et al., 2008; Turhan, Baykan & Sen, 2008)
and 40K is less than that measured in Kuwait (Bou-Rabee &
Bem, 1996).
3.3. Radon exhalation rate and emanation fraction
The calculated values of radon exhalation rate from various
brands of cements are presented in Table 5. It can be seen
from the results that the radon exhalation rate varies appre-
ciably from one sample to the other. The factors responsible
for the variation in the radon exhalation rate are the radium
content present in the material, the grain size, porosity,
permeability and the internal bonding of the material (Jasaitis
& Girgzdys, 2007; Ramachandran & Subba Ramu, 1989). The
value of radon exhalation rate varies from a minimum of
1.56 mBqkg1h1for CMT-11 cement to maximum of
13.1 mBqkg1h1for CMT-9 (white) cement with a mean value
of 5.27 mBqkg1h1. It is clear from the table that the radon
exhalation rate from white cements is higher than from
Portland cements.
The emanation fraction varied from 0.54% to 7.47% with
an average value of 2.34%. Fig. 8 and 9 shows the variation of
radon exhalation rate with 226Ra and 238U activity concen-
tration; there seems to be no-correlation between them so, it
can be concluded that it is not possible or difficult to predict
the radon exhalation rate from the activity concentration of
Table 4 e Comparison of specific activities and radium equivalents (Bqkg¡1) in cement samples of the present work with
that of other countries of the world (SD e Standard Deviation, ND e Not Detectable).
Material Country 226Ra 232Th 40K Raeq References
Mean ± SD
(range)
Mean ± SD
(range)
Mean ± SD
(range)
Mean ± SD
(range)
Portland
Cement
Saudi Arabia 38.4 ± 3.8 45.3 ± 1.2 86 ± 4 108 EL-Taher (2012)
Turkey 39.9 ± 18 26.4 ± 9.8 316.5 ± 88.1 101.9 ± 31.1 Turhan, Baykan, and Sen (2008)
Nigeria 43.8 21.5 71.7 80.1 Ademola (2008)
Pakistan 36.2 ± 9.7 23.2 ± 3.4 234.6 ± 38.9 87.5 ± 14.6 Mujahid et al., (2008)
China 56.5 36.5 173.2 122 Xinwei (2005)
Ireland 66 ± 42 11 ± 7 130 ± 105 86 ± 32 Lee et al. (2004)
Greece 20 ± 5 13 ± 3 247 ± 68 58 ± 20 Stoulos, Manolopoulou, and Papastefanou (2003)
Italy 38 ± 14 22 ± 14 218 ± 248 92 ± 60 Rizzo, Brai, Basile, Bellia, and Hauser (2001)
Algeria 41 ± 7 27 ± 3 422 ± 3 112 ± 8.2 Amrani and Tahtat (2001)
Malaysia 51 ± 1 23 ± 1 832 ± 69 188 ± 27 Ibrahim (1999)
Bangladesh 29.7 54.3 523 148 Alam et al. (1999)
62.3 ± 9.7 59.4 ± 7.4 329 ± 22 173 ± 20 Mantazual et al. (1998)
Zambia 23 ± 2 32 ± 3 134 ± 13 79 ± 11 Hayumbu et al. (1995)
Brazil 61.7 58.5 564 188.8 Malanca et al. (1993)
Hong Kong 19.2 18.9 127 56 Yu et al. (1992)
India 35.8 ± 12.3
(20.3e60.1)
33.2 ± 13.6
(18.8e60.1)
199.1 ± 26.5
(160.9e248.1)
98.6 ± 29.7
(64.1e151.2)
Present Study
White
Cement
Turkey 32.8 ± 5.1 16.3 ± 7.6 99.2 ± 31.8 63.8 ± 14.7 Turhan et al. (2008)
Pakistan 30.7 ± 5.6 15.4 ± 5.1 24.9 ± 7.6 39.6 ± 28.4 Mujahid et al., (2008)
Greece (14e26) (7e13) (5e67) (24e50) Petropoulos, Anagnostakis, and Simopoulos (2002)
Kuwait 17 ± 1.6 8.7 ± 0.4 199 ± 4 45.2 Bou-Rabee and Bem (1996)
India 24.4 ± 1.2
(23.2e25.6)
19.8 ± 0.3
(19.5e20.2)
176.7 ± 4.9
(171.8e181.6)
66.4 ± 0.31
(66.1e66.7)
Present Study
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on the texture and grain size composition. Also it is found
that CMT-4 and CMT-5 has almost the same radium activity
concentration (Fig. 1) but the radon exhalation rates are
different (Table 5), similarly CMT-6 and CMT-7 has nearly
same radium activity concentration but different radon
exhalation rates. It is also found that the radon exhalation
rate in white cements is higher but radium activity concen-
tration is much lower. So, present results support the theory
that it is not possible, on a general basis, to correlate radonTable 5 e Radon exhalation rate and the emanation
fraction (%) of cement samples.
Cement
sample code
Radon exhalation
rate (mBqKg1h1)
Emanation
fraction (%)
CMT-1 2.93 ± 0.24 0.87 ± 0.07
CMT-2 4.29 ± 0.28 1.23 ± 0.08
CMT-3 2.77 ± 0.22 0.61 ± 0.04
CMT-4 4.57 ± 0.28 2.20 ± 0.14
CMT-5 2.98 ± 0.23 1.45 ± 0.11
CMT-6 2.73 ± 0.22 1.15 ± 0.09
CMT-7 6.26 ± 0.34 2.65 ± 0.14
CMT-8 5.80 ± 0.33 1.50 ± 0.08
CMT-9 (white) 13.1 ± 0.49 7.47 ± 0.28
CMT-10 (white) 8.76 ± 0.40 4.53 ± 0.21
CMT-11 1.56 ± 0.17 0.54 ± 0.06
CMT-12 5.14 ± 0.31 1.87 ± 0.11
CMT-13 7.02 ± 0.35 1.82 ± 0.09
CMT-14 8.80 ± 0.40 5.74 ± 0.26
CMT-15 2.37 ± 0.21 1.40 ± 0.12levels in a building only to the radium content of the ground
and the building materials. Actually, radon emanation from
a material depends on many factors: where radium atoms
are situated in the grain; the texture, size and permeability of
the grain; the material porosity; and the environmental
temperature and pressure changes (Durrani & Ilic, 1997). A
study carried out by Righi and Bruzzi (2006) also confirms
that radon exhalation rate is not predictable from the radium
content only and the emanation rate cannot be presumed to
be constant within a given class of buildingmaterials or fromFig. 8 e Correlation between 226Ra activity concentration
and radon exhalation rate in the cement samples.
Fig. 9 e Correlation between 238U activity concentration
and radon exhalation rate in the cement samples.
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content.4. Conclusions
The gamma activity of natural radionuclides 238U, 232Th,
226Ra and 40K was estimated using high resolution gamma
spectrometry systemwith a high purity germanium detector.
The average values of the activity concentrations of 238U,
226Ra, 232Th and 40K for the cement samples were found to be
normal and well comparable with the values for the cement
samples from other regions of the world. It was also found
that there is radioactive disequilibrium between 238U and
226Ra, which may be attributed to the partitioning of radio-
nuclides during the production process of cement. Various
parameters designed by national and international agencies
to limit the radiation dose from the building materials have
been studied in the present work. The calculated Raeq values
for all the cement samples examined are lower than the
recommended maximum level of 370 BqKg1. The external
hazard index and internal hazard index are less than unity
for all the cement samples showing that the external and
internal hazard by the use of these cements is in the
acceptable range. Also the calculated values of gamma ac-
tivity index are below the criterion of unity. It is also seen
that the estimated annual effective dose for all the cement
samples is lower than the annual dose limit of 1 mSv from
building materials. The comparison of the measured activity
concentrations of 226Ra, 232Th, 40K and Raeq for different
types of cement with the results of similar studies under-
taken in other parts of the world indicate that the present
results are comparable to those obtained in different parts of
the world. Out of the fifteen cements studied, there is much
variation in the radon exhalation rate. It is clear from the
present results that we cannot predict radon exhalation rates
only on the basis of radium content of the material as it de-
pends onmany other factors also. At last, it is concluded that
there is no significant increase of radiation dose to the publicdue to the usage of these cements in the construction of
buildings.Acknowledgements
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